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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
relatively inexpensive substrate material, by 
making the lattice constant thereof 
incommensurate by not more than 
predetermined percentage with the lattice 
constant of a III— V group nitride 
semiconductor material. 
SOLUTION: A substrate 12 is a substantially 
single crystal material having a general 
structural formula RA03 (MO)n, where R is 
one or a plurality of elements selected from 
a group of Sc, In.^Y and lanthanum base 
element, and A is one or a plurality of 
elements selected from a group of Fe, Ga 
and Al p and M is one or a plurality of 
elements selected from a group of Mg, Mn, 
Fe. Co, Cu, Zn and Cd, and (n) is an integer 
of not less than one. A single crystal 
substrate material has a crystal structure of 
YbFe204 or InFe03 (ZnO)n and substantially has a lattice constant which is 
incommensurate by not more than ±5% with the lattice constant of a III— V group 
nitride semiconductor material. 
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(57) mm 

1 1 - vmmm^mm*m^&K'& : m)& 1 *$m 

•t So 

0 3 (MO) n ©«^-^^*m<?)®KA^«iS„ 
"eRfcfc, Sc, In, Yt^yxyzhjim QG(?#96 

7-7D *»e,ji«aHRa4x*s«©7aR^ At*, f 

e (III), GatAlfrbimMtiiZtlZEmcOrti 
MX\ Mits Mg, Mn, Fe (I I) , Co, Cu, 
Zn, Cdfrbm®mtii£tlZ>r.ffi<D5imT\ nlilj^ 
±9 ^TO^CT'feSo ZIZT'Y b F e 20 4 «jg^<D^ 
^ICli, RAMO4 (n=l) ft-^&JgU InFe 
O3 (ZnO) n *tj£®t&£lCliRAC>3 (MO) n (n = 
2J£Lh) fcJBffctS., HKWtC^^^WJi, A* 
H&Ofc&iyptjgY b F e204&.g>vni I n F e O3 (Z 
nO) n (DffimiZ'^&fe&ma&I I I-VJggfl; 

ty^mmmoiffimcn 1 o (r g s n) 



I / »• 



taa«HM 



—17 

-15 



19 MA 



(a) mimnt. --mmm^,RA03 (mo) n ©«« 
mmnzmffigktmT'&v. zz-c-Riisc, Tn, y 

t^y* yZhnM 7-71) frib'MtRZti 

tz 1 ofcSlHiMfc^Sire, AitFe (III), G 
a, Al©lo&^HJ^<#5cJ?tT% MliMg, M 
n, Fe (II), Co, Cu, Z n, CdGDlifcte 
«IKT' n it 1 JiU:tf>i£B(T-fc »J , 

( b ) mB&mizmssk&B&mt* y b f e 2 o 4 $g 

"^feSWi I n F e O3 (Z n O) R <Dfflim.(D&$M 

(c) mssmmffazms^mmmit, 1 1 i-vm 

^^fttf.m<Z>*fr?» at±5 %JiAT(Z>&^SI££ 
fcSJ:e>&&^5m£*iN5r££^£i-.2>filg (1 
2) ±tcxtf**>>A';i<j£«L;fel I I-Vjg^fb4fcf¥ 

2 ] buib 1 1 1 - vmmm*mmm\*. 

GaN, A 1 N, InN, GaAIN, GalnN, A 
TlnN, GaAl I nNi:^©- SPfcAsfeSWi 

m$m5] n = lf*5^i:S:mi:t5i^S4 

nm*. • 

mp^er rnmnrnzm^^mttm^ scg 

aMg04 , InGaMg04, ScAlMn04 , S 
( CAIC0O4, ScAlMg04, InAlMg O4 ' 

7] mtii 11— v^b%¥#{**mw. 

(1 9, 19') zze 3 izm-r&z.£$:fm£?& 
m^ms] mm*\t. *m&is— y&swiLE 

[0 0 0 1] 

¥3lflcf*f4 (G a N, A 1 N, I nN £Z.tl*><D&£d 
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tmSr^r-TSIRT^IAtf LED. U— 9 1 , h^>^ 
[0 0 0 2] 

[se*oe:^] 1 1 i-vmmitmt, w«^fej;t>' 

lCfSULT{i, S.Strite et al., J. Vacuum Science and 
Technology B, Vol. 10(4), p.1237 (1992) £#fl&£>z: 
£„ 

10 [0003] 1 9 6o^jmi 1 i-vm&.itmzmi- 

ti&\,^tto\z*<Dimittefr^t-. mz.it. im&<m 
mtsn&mmm (a i 2 03fiPt.-9-7 r-fr) «. Ga. 

Nfc-1. 3 5%0^^^5„ Z3T% 
$£££1*. (a s -af) /af T'^U a s 

1*2 0"CtcfeW^t)CD5:iW(c-r§ o 
[ 0 0 0 4 ] # < GDf#fWS«i: LTffl^SfetotcBgfg 

t/3>B$:#mcozt„ ^©nA^itcti, mm 

^lZ*£ttvU>i?ffi%Zt3-Z-T^2>. Z-tlizmL 

<DZ.£„ ££>tC*£> M.E.Lin et al., Applied Physic 
s Letters, Vol.62(26), p.3479 (1993){C«tntf, mit 

m&nztt? zmnzMtewmit. mmtim\z^m 
30 m&iz*>m^ffirj&%&mimwm£iste^z.£T* 

S>Sfc^$tlTV^S„ ffl&<D Strite et &\.0)l&%. 

it, mmim2tiz&oiz&^fcM<DWfflmtfT*& 

€k SIC, MgO&5V^iZnO*Wb^lC*fU ^ 

Si:TWL/T^S 0 fff%(Z) Lin et al. (Dt&lfcT'l*, 

(mferfiBgS^TV^) 6H-SiCi:AlN (*>S^ 
\tG a N) i:<DfS©m^^(^mT*$ S=gSTS>S 
S i C*^fb^«:^$-&S «k e> J: v ^ffl&T-ib 
Siiii^-r^S. S iC^b^i:©^©^-?-^^ 
40 (i, -fftT'fc-S. l%t>feSo 

[0 0 0 5] L^Ld® S i CU}O)»Kti^M0^i&flg 

immzigmt-tz. zbizimosicvzL/Mt, 1$ 

1 4 yf- ( 2 . 5 4cm) COfigCO'? oiy \t? 
=fo-e«)3^Mi$!c^K;i/ GKl 075W) T-feS. SE± 

^\©itfasa)i 1 1 -vmwc?fooitim\z&ttz>mmt 
oM&3»t>-tz>t.* -m&nwfrvm. (wumite) 1 1 

50 [0 0 0 6] 



T'£ Z> «fc -5 4:it«ai<HitS«)gc»r »&®M*4«:tt«-r S 3 
■p**. i I i-vig«AtfG aNii 
«Bi*6l UiMiaattSzinc-blende) tit}S&;&-t-g> 

[0 0 0 7] S. - Wit (Materials Research Socie 
ty Symposium Proceedings, Vol.339, p. 173, (1994)) 

a N/A 1 G a NWjrfi/N^O^fr&fcSirfifflflf L 
[0 0 0 8] 

1 1 i-vmmm^mm*m!mfi\z3L\zz*i/v 

[0009] Z.Z.X- mmnzx.^n^^^jvmM.^ 
td&mi tit, «&si 1 1 -vmmtmm<Dmi±x 

JtXj&Kfcf- ^^fl^&MjSttfn * y*-:/ (rock 
ing curve) feSV^i^r-fX^f -V> (phi scan) {CJ: 

u»fr*-* 3 1 tc«t y mmzm&X'mz> 0 ^miz^ ^ 

*r 1/ ^ ;i/fflBT*£> S t^mt 2> a 

i) WcPtoV) (0 0 2) tf-^<3DP«v^f>^-^t, 
^0>3Hft£(g (FWHM) #2* OTT'feS. 

i i) &1ti&<D (10 2) tr-*0D7y-f:*3fV>t±2 

i i i) fl6©*rH»cj3»tszme3<z)tr-^(D±^3i-h 
ne>«c u k aim*:m^t~m&>xmmizj:-zxm 

[0 0 10] #mi<D$mt. -JK^Jg^:RA03 (M 

^~s-c, in, Yt^y#y&jm (M^-^si- 

7 1) ^ejJS^^tlSHffiODTt^T', Ati, Fe (II 
I) , GahAl*Ne>jS^S4x-5HM®5t^T\ MtiM 
g, Mn, Fe (I I) , Co, Cu, Z n, Cd*^ 
mSlZ tl& ~ffi<D5imX\ nit I LXt 9 J£iTFtf>gg8n?# 
*L<ti3jetTp^TfeS 0 ZL3T*YbFe 2 04^|3t 

f| U^_I n F e O3 ' (Z n O) n #ti£0>^tCl£, RAO 
3 (MO) n (n=2^JLh) fcffiiW*. 
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[001 1 ] JteMWlcltiJ^iffiSMMtt, AM^^ 
■SiflfiSY b Fe204feSVUi 1 n F e O3 (Z nO) n 
(Dffimre. f©tt^Ralil I I - VJRgfbtt^ 

5%OT£&6J:9& (flF*L<fcfc±2%#T> 

2' VUXM&R (grain boundaries) 

[0 0 12] ZIT'A 1 N, GaN, InN^^U 
10 ait. Ztl^tlO. 3 1 1, 0. 3 1 8, 0. 3 5 31? 
»6. *fflfe«*fffi»a«(0. 3 11^e>0. 3 53 

SBf&fett, 0 - 7 0 %0> I n ftli. ^0. 3 4 

3 n m *i<0*g**mi3R a tCSftB-T* %<DX&Z> a # 
*W«CJ:*2SKtt. a tt. 0. 3 18nm 

T-feStf, a#0. 3 1 8 nm&TO^&iS&t&fc 
©T?tefcV\, 

[0 0 1 3] ««ftrc3Sft©m»*Lv>»«t«aHi. s 
20 cAlMg04 tGaNfcfflifflftf^f&a, 1. 8 

[0014] 111 - vmmm^mmmi*. g a 

N, A 1 N, InN, GaAlN. GalnN, All 
nN, G a A 1 I nNfr&ftS^lz-^&^ahfc 

t> »J tC A s $>£ V \ P ©/Jx* Gift 1 0 M*%J^T®^ 
&m£X<) «:WfcUT*iL*:<TfcJ:v>. SfiJ&fe («*. 
(iGalnN) it. Ga, In, N0)^Lv^;i/*fc*W 
©#?5E$:«l*t-S«)T*(iGa x I ni_ x NS:Sl*t--5o jfi 
30 Sz^R±:«)^nxtr^^r$/-v;i/S$:^U 'tui 

[0015] LiGa0 2 ilLiA102tt 
350)1 I I-VM^bife^^cD^«c5:a«i:LT# 

let- *. ^^e)©=Mf4a)»«i*, *mmmz.M7KLf~m 

[00 16] 

40 H5p^S<DI I I-Vja^b^^ft^m^xbT^^r^-v 
/WftR-e** «fc e» «c»«*«4«:ISMt-SS5**^^ff *5 
^T^fco i©J:^««jM»»«*»&-r*fc, III- 

vmmwpm&moymfot Lxm^z>z.n<DX'gz>& 
fflmmom*ft&^r=.z. t itm* k t ^x 
<Dx-$>z>o z\<»&^tmim*<7>^c>immm¥miz 

£^XWx!&\t£*><DX'$>Z>t>\ -€-(DI 1 i-vmgftM 

mowfch Lx&mmmtmmmzixx^&fr^fe*) 

<nx*&2>o 

[0 0 17] •tXiZ^KD^^izmmj^^^rit. 

50 &&*m*fe<r>*&w±*ztt**^v)\smgcr&tz.&> 
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{g^x^l/^rffij (low-energy plane) Ts$bZ>Z.t.l l tM&> 
T3*LVVLfcT&«>. 09*.ttMgOa> (1 1 1) Sj 
fcfc, G a N i&m&&lZ#rHe& (-6. 4%) 1" 
•5. L^LMgOCO (10 0) ®ti (111) ®«kU t> 

Pf 6 (ill) ffi£7£^63tW»Ti£ 

Lv>;i£T'fc£„ Lfe^ot, MgO&?;uy|£§!!tf>l 

[0 0 18] III - VM^t#)^#^*f4mCD»* L 
HfflSWHtt. g^£l^&|i?-tf>j&^2^ (crysta 
1 symmetry) -S{£x*;i/^®$:^U SfbfMCft 

UA#*»?«^S:*L («*.«. 5%#T#*L<tt 

[00 19] YbFe 2 0 4 ^fig^S>S^tiI n F e 0 3 
(ZnO) n ©*Biffl®HRMate$RA03 (MO) n £ 

WtftMz.ffit&'r-ZUu N.Kimizuka et al., Journal 
of Solid State Chemistry, Vol.78, p.98 (1989) t 
N.Kimizuka et al., Journal of Solid State Chemistr 
y, Vol.74, p.98 (1988) &*J|g0Kl£. 

[0 0 2 0] MZ-li. Iff^Ol 9 8 9^<7) N.Kimizuka 
et al . (DtfaXom 1 a - d l£ Y b F e 20 4 fiSg^6D2RiJU 
<ZXb£4teM3*lTV«. Y b F e 2 O 4 fliig^<Z>J5£fe0[> 
#T#f*bWfb-£ifete, ScGaMg04, InGaMg 
O4 , SCAIM11O4, SCAIC0O4, ScAl 
M g O4 , InAlMg O4 X'3bZ>o InFe03 (Z 
nO) n ffi£M0>±m*ib&lfolt. M.Isobe, Acta Crys 
t.C, Vol.50, p.332 (1994){Cg^$tlTV\S. Z.Z.iZ 
BB^SiTvfe'fb^fea)V><o*Hi % n#l 9 illfSlvfeKDT* 
^{ClinlC*hrs±pg^^eEU^V^ n#9 

^"ItBfttf&y, 3*u±, n#9Rh<z>fl^r$re*joT 

b Fe20 4 «|3iS! (n= 1) feS^ttl nFe03 (Z 
nO) n «^T*&#ten#2&5W*3T*;&3 0 
[002 1] 198 9ifimWm0>m$:O$k2 frttfrZ 
&$\Zntfm}jn-?2>£ I nFe03 (ZnO) n <D|&?- 
^ffcaWu n=nc2tl/T{i, 0. 3 3 2nmt$5(iD 
{C*fU n=l 0. 3 2 7nm£:&y, 

— ^te^JS&cti, 2. 60 9nmM8. 84 1nm 
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[0 0 2 2] II I -VM^t#I-i'2»i*»i«^li^ 
;bfj>& ^^«lMTfrn(iA»iJiat«; (hexagona 
I symmetry) T'&& 0 YbFe 2O4 MBgHg^ I n Fe 

03 (ZnO) n flB^»tt«{CA*a*T'feS. $e>(C 
±SB©*f^T*&6-fl2fl£g5£RA03 (MO) n <7HK 
ortVDfb^tttt, I I I -V«fifl^m*fltf5te?5£tt 
tCia^ffi(7)^^lK&W1-S„ MZ.IZS cMg A 1 O4 
£LuFeZn0 4 (D^^tKn^^Bit. a = 0 . 3 

10 23 6nm£a = 0. 3 4 1 1 n mT% ScMgAlO 

4 (£G a N K*f LTte^FSS^-li, 1 . 8 %T'£> 

[0 0 2 3] Y b F e 2 0 4 l!$ff*<ai£&ti|&&#tff Lfc 

-2-©a*Ji> By#iOS^-9"^VT--i' X (oxygen sub 
lattice) \1u (,i£A,E$58i (close-packed) $*lTfc 

£x¥*)UD£5&J\'y§limT'3bZ>o £<blC*fcYbF 
e 20 4 ^t*(6K^ F e 20 2 ®ii. kittle SWyttrtflOfcf 

20 f^mtmubxmmLx^^ *v-tiftiK&-tims&; 

RAO3 (MO) n <Z>ft£4%l±. (rock salt) 

J:tf tf;by$#UI£3SStC Lfc J: ? &mMMmttX'& 

[0024] ScMgA10 4 te, *56^Cj:^b^) 

T'&S. itl^l±^I(D^i=l57X^r- (Czochralsk 
i) ^fC<fc»;#->g^-^ (single crystal boul 
30 e) h LT^at;:j&fiBraBT-&£„ 

[0 0 2 5] ^b#*l&Wiffl^«>^Bjl^:$:4 4. 0 1 g 
®MgOt7 5. 3 1g©Sc 2 03^LtfflIU 
ZKAM^fc^Uy r-IKlCLTZlO^l^y h£5 5. 6 
8 g©A lz03tmzV&m4 U ^CAf^SotfCDcfJ 

[0026] ^(Dmmo\t, 1 * 0 ox^x%£\zmm. 
40 mssxm<D-**paz&u msgko s C AiMgo 4 © 

-€-©±tc^-fbS c A l Mg0 4 ^^Lfea K£ 1 

5 r p m«l^6^o < »J i:5l^±tf -5 

2. 5mm/t) „ 1-0. 5^ra^©5l^±limS 
ti^^lCJtinLT4mm/NFt^-2)cke)lC-r-5. 5l^_t 
tf^ffJt, ^<D*fe-eW8U ^-^^-f (17m 
mjl:MT**<j6 0mmS) {C»J)o< Uigty^^-fcotC* 
•y ^ 5:^-tS4<-;bT% *<J 7 mmCOiSST* 1 0 mm©S 
50 3©t>©S:^t--5. ^^li^-^l/rtCDi^W^c^^iisg 
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tf-Jl (?(DlWiM&-i mt 5 0 mmfil'»7 rnmCD 
[0 0 2 7] -Bjgqj&fy- hTg&/fl#&*l&£;Ktf£ 

<fc »J if -5 Z. £ #T £ 
[0 0 2 8] ScAlM«04li §«#j*«4T*fij£H 

[0 0 2 9] ±fa©^T'^Uf-S c A 1 MgCM # 

LINDEA (SSfiSSO fcLINDEB (i£gf*jffi 

Wfg^-^±(7)SYTON (i££*flggO fcffl^Tj&R® 
Zm&mizmmLt^ I n fc^f SAuH^D >y ? {C^ 

tlMLfc (R.J.Spah et al., Applied Physics Letter 
s, Vol.53, p.441 (1988)) ©^^XTV-Xfi 

[0 0 3 0] z:©»Ktd^tfJT*7 0 0x:*T'*igRU 

^©^6 0 01Ci:6 5 01C<DK<Z)iaS-e^y^XV{C 30 
JgV>B$fgiR-f. Z-Oygm^f^X-?^ 6 0- 8 OmTo 
r r«N2 Wt'R FACf-tfl 0-2 0 OC/y hTI&£g 
£4T,£o Z.<Z)^SCDRHEED (reflection high ener 
gy electron diffraction MMM^JV^fM'fSPfff) & 

itl £(C«fc oTfi&CDR H E E Dr?* ->{caj(&#j| 
<D*l£. *<^CItf>^£Ga£ScDS/-vy#£:|?{§<z:i: 
tC^yGafcf-AJClSU *UTGaN<7)J&g#Bg$frt 
Z.<DG ajptoffimt, G&N(Df8i&U-btf8 0- 
50 0nm/^fil^-&i:e>lC|2fe$4xS„ i©RHEE 40 
D/t# - MiG a N Oym&oymm tm* ^ * * (brig 
ht) ZltlSrA l2O3±0QGaN«)^^C9^.^- 

hmoM - ym&nWL'pomm?- * ttm-tz. s 

c A 1 M g O4 _htf)G a N<7>9">"50MZ)RHE EDA# 
fc**T»*»J, ^©^fc«GaN®<Z)S*Sag,K5:^ 
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mMm-T-mmm (iokvj 

[0 0 3 1 ] tSy&BXMBi&tftflSHifc^a: -y ^Sf- 

J (0 0 1) ^|ryT'^2 06^|fiItt^«i4X^o 

fc. -y-^^l/CD 1 ol±. *3-T>8 0 nmOjf:$T-?-CD-7 

fe5-p 0 1 1 1 -vmmmyj )ii±<Di&&g'am*. ? 

-< ft&IDmZtfm-fl^nT 0. 5//mJ^T 

2©GaN7-fM (2#mJP3) (DP >y ^-yifij-^r 
(rocking curve) ItO. 3' ©FWHMi^Lfe. 
[003 2] ±iB0)G aN7^ )VA(Dij V- K>I/^ 

ftK&N/ 3 A i 203±(C*i«$ 

<fc s -7 -< ji&foX'tism&mmtoTvsimznf- z t 

[0033] ±iB©73^C«fc »JM.*L*:, G a N©ffig 

[0 0 3 4] -fb^a^fltB^^CO^gl^) (stoichiometric 
melt) &&#-rsZl£tCj:»J/&R3itfcS c AlMg 
O4 <0¥ft!h&/'Cby N (^«Th5SX>^Jl cm) ±{CG 

a n *&&t*ttt>mmte&%:i)mt>nt^ s * t 
se>tc^m#^ 1 1 i-vrn'mitygtrntitftms. 

±iZ^m.^H^Z.£.l,t, ^-TL^MBE^T'feS^li 
«:<ii^^S$l50OK.tiMOCVD, ^fefg (vapor tr 
ansport) , jxJffitXrfyX U >yfeSV^i^X"7l/ 

[0035] ^^ctusfeiitci 1 1 - vn^b^i 

[0 0 3 6] miii. *^WfCj:Ua«l 2_hlCl I I 

- vm^imm 1 1 tm-t&r&mt* ledio^ 

i - . Z-CDmffl&lt* GaN©;^y77Ml3^ n-G 
aNlHt, n-AlGaNfl5t InGaNi 
16L pAlGaNH7L pGaNfl8i:M 
19^19' £fr&&»J. ZimiBfrtKDS. W(Dia3 
il^T'feS. M«|jgO>''?^->->^ S.J.Pearto 
n et al., Materials Research Society Symposium Pro 
ceedings, Vol.339, p.l79(1994) {CBg^SttTVx^o 
*58WtC<kS U-if»iU— tf3f^^-< 5:^i-SJSW 
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}&£;&-f •§>„ 14 nGaNl 

[EfB5<Z>ffi#fcaWII!] 15 nAlGaNl 

[HI] *»WCj:S3R^RtfLED«)WfilliS:36-ria 16 InGaNi 

[f^ftf>M 17 p A 1 G a 

10 LED 18 pGaNl 

11 III -VJRSffcflWi 19, 19' 
1 2 S« 

[01] 



11 

1 1 l-vJKS<bSjSI 



19' tt£ 



I . — 1 1 . 


— 18 

— 17 

— 18 
-15 T 

. »V 191 


pAlGaNJB 


I nGaNJB 


nMGaNB 




nGaNJH 







— 12 



(51) Int. CI. 6 

H 0 1 L 21/205 
33/00 
HOIS 3/18 



F I 

H 0 1 L 21/205 
33/00 
HOIS 3/18 



T*VJl&$m. 07940 -^-i/v-i? 
- V^V^T^-a- V>y:/;i/ 49 



(72)|6^# xy**h ^-h?*-K 
7*U#£#£» 07974 la-y^-y 

n- 299 
10 



